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In this study the lower extremity venous system was
divided into anatomic segments that were examined
sequentially at 1 week, 1 month, 6 months, and 1 year
with duplex scanning to obtain anatomic and hemody-
namic information of each individual site. The anatomic
distribution of DVT was correlated with the site of resid-
ual abnormalities in the veins of the leg. The aim of the
study was to investigate the above-knee veins of the lower
extremity to see whether, in the presence of an acute
thrombus, a pattern of response exists within the individ-
ual sites and to determine whether some of the venous
segments are more likely to recanalize whereas others
remain occluded.
METHODS
Sixty-three above-knee DVTs were examined in this
study. The patients were part of a long-term study of 100
symptomatic above-knee DVTs that presented consecu-
tively to the vascular laboratory. The patients were placed
on follow-up at 1 week, 1 month, 6 months, and 1 year.
The early results of this study have been published.8-10 At 1
year, a total of 14 patients had died, 23 were lost to follow-
up, and the results for the remaining 63 patients are pre-
The late sequelae after an acute deep vein thrombosis
(DVT) are difficult to predict, but it is known that the
anatomic sites at which reflux develops appear to be
important in determining the development of clinical
signs and symptoms.1-6 Differences are observed both
between patients with DVT and between different seg-
ments of the lower extremity veins. Individual difference
in response of the fibrinolytic system is an important fac-
tor in the long-term outcome after a DVT.7 Differences
between anatomic levels of venous segments in the lower
limb are also an important consideration. Individual
anatomic venous segments in the lower extremity seem to
respond in a different way to the presence of thrombus.
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Introduction: The subsequent course of residual abnormalities after an acute deep vein thrombosis (DVT) can vary
within individual venous segments. To investigate the pattern of response within the individual venous segment, we
used sequential duplex scanning to determine whether certain segments are more likely to recanalize or remain
occluded.
Methods: The anatomic segments involved in 63 above-knee DVTs were examined with duplex scanning at 1 week, 1
month, 6 months, and 1 year after the acute event. The segments under investigation were the external iliac vein (EIV),
common femoral vein (CFV), superficial femoral vein (SFV), and popliteal vein (PV). Reflux studies were performed
at each follow-up examination. During the follow-up period the segments were examined to see whether they were
occluded, partially recanalized, or totally recanalized and the development of reflux was noted.
Results: Most DVTs were multisegmental with a total number of 171 sites involved. Initially, a greater number of seg-
ments were occluded (71%) than partially thrombosed (29%). The occluded segments were predominantly in the SFV
and PV. At 1 year the thrombi had fully resolved in 60% of the venous segments, 27% remained partially recanalized,
and 13% were occluded. The venous segments that resolved within the first 6 months had a higher rate of valvular com-
petence than those that resolved from 6 months to 1 year. The SFV and PV had a higher incidence of valvular incom-
petence than the EIV and CFV. All venous segments that were partially recanalized at 1 year were found to have
significant reflux. The SFV had the highest incidence of total occlusion at the end of 1 year (36%). Many of the occluded
SFVs had established collateral pathways that displayed no evidence of reflux.
Conclusion: The lower extremity venous segments differ in respect to their tendencies to partially or fully recanalize or
remain occluded. All partially recanalized segments displayed reflux. Fully resolved segments that recanalized within
the first 6 months were more likely to have competent valves than those that recanalized after 6 months. In the pres-
ence of an occluded SFV, collateral pathways establish rapidly. No reflux was found in these collaterals. (J Vasc Surg
2001;33:379-84.)
sented in this article. The presence of an acute DVT was
diagnosed with duplex scanning. The patents were included
in the study if their veins could be clearly imaged and they
were available for follow-up examinations. An institutional
review board approved the study, and informed consent was
obtained from the patients before partaking in the study.
All duplex scans were performed with a 7.5-MHz lin-
ear probe on an Acuson 128xP10. The patients were
scanned in the supine position, and bilateral scanning was
performed on each patient. Thrombus was said to be pre-
sent in the vein by the partial or complete incompressibil-
ity of the vein or by visualization of thrombus within the
vein.11 Bilateral ultrasound scans were repeated at 1 week,
1 month, 6 months, and 1 year. At each examination the
veins were assessed to determine the site of thrombosis
and whether the veins were occluded, partially recanal-
ized, or totally recanalized. The criteria for complete
occlusion were absence of flow with distal augmentation
and incompressibility of the vein. Partial recanalization
was defined by normal or diminished flow with distal aug-
mentation and partial incompressibility of the vein.
Complete recanalization was defined by spontaneous pha-
sic flow and a completely compressible vein.12
Because of the difficulty of examining the common
iliac vein both at initial examination and on follow-up vis-
its, the study only included the external iliac vein (EIV),
common femoral vein (CFV), superficial femoral vein
(SFV), and popliteal vein (PV).
At each follow-up examination bilateral reflux studies
were performed. Reflux was evaluated by using the distal
cuff deflation technique flow.13-15 The patient was placed
standing, with the weight borne on the contralateral leg.
A cuff was placed around the leg distal to the vein being
studied, which was inflated and then rapidly deflated.
Color flow was used to measure the duration of venous
reflux in seconds from the onset of retrograde flow, after
cuff deflation, until its cessation. Reflux was evaluated
through observation and was defined by greater than 1
second retrograde flow. The venous segments were evalu-
ated as follows: the iliac and femoral veins with a cuff
around the thigh inflated to 80 mm Hg and the PV with
a cuff on the calf inflated to 100 mm Hg. Statistical analy-
sis was performed with the Fisher exact test.
RESULTS
Sixty-three above-knee DVTs from 61 patients (2 bilat-
eral DVTs) were included in this study. There were 33 men
and 28 women with an age range from 22 to 94 years (mean
age, of 62 years). The predisposing risk factors of the
patients were typical for DVT and are shown in Fig 1.16 The
patients were treated with heparin followed by warfarin for a
varying period of 3 to 6 months, with only six patients con-
tinuing to take warfarin at the 1-year follow-up examination.
At initial examination the anatomic distribution of
thrombus varied. Most thrombi involved multiple
anatomic segments with only four isolated thrombi occur-
ring, three in the CFV and one in the PV. The most com-
mon distribution of thrombus extended throughout the
lower extremity (ie, from the femoral to the calf; Table I).
The number of segments involved at each site are shown
in Table II. Initially, 122 segments were totally occluded,
and 49 were partially occluded (Table II). There was a sig-
nificant difference between the frequency of occluded to
partially thrombosed segments on initial examination (P
> .05). The SFV and the PV had the highest rate of occlu-
sion at the initial examination.
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Fig 1. The initial predisposing factors for the patient population. CVA, Cerebrovascular accident; VV, varicose veins; OCP, oral contra-
ceptive pill; DVT, deep vein thrombosis.
At 1-year follow-up the thrombus had fully resolved in
103 segments: 94% of the EIVs, 78% of the CFVs, 42% of
the SFVs, and 54% of the PVs (Table III). Of these, 61% of
the segments were found to be competent without reflux
flow, and 39% were incompetent with reflux flow of greater
than 1 second. The time involved for individual segments to
fully recanalize varied from 1 week to 1 year. Segments that
resolved within the first 6 months had a higher frequency of
valvular competency than incompetency (P > .006). The
segments that resolved after 6 months had a higher inci-
dence of incompetency to competency (31:13), but this was
not statistically significant. The distribution comparing
competent with incompetent segments and the time for
complete recanalization are shown in Table IV and Fig 2.
A total of 46 segments had partially resolved thrombi
at 1 year with the following distribution: 0 of the EIVs,
20% of the CFVs, 22% of the SFVs, and 46% of the PVs
(Table III). All segments that were partially resolved
were found to be incompetent with reflux flow greater
than 1 second.
At 1 year, 22 segments were found to be totally
occluded: 6% of the EIVs, 2% of the CFVs, 36% of the
SFVs, and none of the PVs (Table III). Fourteen of these
venous segments were occluded from their initial examina-
tion throughout the follow-up period. However, eight
thrombi were initially totally occluded, then partially
recanalized, and subsequently reoccluded by 1-year follow-
up. All of these reocclusions were in the SFVs.
The initial occlusion status (ie, either total or partial)
was not an indication of the rate of total occlusion in the
EIV, CFV, or PV at 1 year. Most thrombi in these segments
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either partially or fully recanalized, with only 6%, 2%, and
0%, respectively, occluded at 1 year. However, the SFV had
89% of the segments occluded at the initial examination and
had the highest rate of maintaining occlusion at 1 year, 36%.
Fifteen SFVs that remained occluded had evidence of a
collateral vein along the length of the thigh parallel to the
SFV, generally either superficial to or beside the superficial
femoral artery (Fig 3). Some of these collateral veins were
Table II. The percentage of segments at each site on initial
examination that were occluded or partially thrombosed
Occluded Partially thrombosed
EIV 44% (8) 56% (10)
CFV 39% (16) 61% (25)
SFV 85% (47) 15% (8)
PV 89% (51) 11% (6)
Total N 122 49
There was a significant difference between the frequency of occluded to
partially thrombosed segments on initial examination (P > .05).
Table I. The anatomic distribution of thrombi at initial













Table III. The outcome at 1 year showing the number and percentage of segments at each anatomic level that
resolved, partially resolved or remained occluded
Site No. of segments Resolved Partial Occluded
EIV 18 17 (94%) 0 1(6%)
CFV 41 32 (78%) 8 (20%) 1 (2%)
SFV 55 23 (42%) 12 (22%) 20 (36%)
PV 57 31 (54%) 26 (46%) 0
Total 171 103 (60%) 46 (27%) 22 (13%)
Table IV. The duration of time for a thrombus to
resolve for all the segments vs the valvular competency 
of the segment at 1-year follow-up
Duration of time to resolve
Site 1 wk 1 mo 6 mo 1 y Total
Competent segments
EIV 2 9 5 0 16
CFV 3 21 3 0 27
SFV 1 9 4 0 14
PV 2 3 1 0 6
Total 8 42 13 0 63
Incompetent segments
EIV 0 1 0 0 1
CVF 0 2 3 0 5
SFV 0 2 2 5 9
PV 0 4 10 11 25
Total 0 9 15 16 40
In segments with valvular competency, most thrombi had fully resolved by
6 months, whereas in the segments with valvular incompetence the
thrombi generally took longer to resolve.
visualized at the 1-week follow-up period and the remain-
der were established by the 1-month examination and
remained present throughout the follow-up period. No
retrograde flow was demonstrated in these collateral veins.
DISCUSSION
Duplex scanning is a useful method to examine the
response of the individual venous segments in the lower
extremity.4,6,7,12,15 The initial sites of an acute DVT can
vary considerably between patients and more often
involve multiple anatomic segments as was found in this
patient population.
At initial examination a significantly greater number
of venous segments were found to be occluded than par-
tially thrombosed (122:49). This is particularly evident
for the SFVs and PVs. The EIVs and CFVs had a higher
incidence of partially occluding thrombosis. The higher
incidence of partial thrombosis in the CFV is possibly
influenced by flow from a patent profunda femoral and
long saphenous vein.
Killewich et al7,17 and others18-20 found that lysis was
observed as early as 1 week, and as many as 50% of cases
of DVT will undergo complete resolution within 6
months. Similarly in this study, 51% of the venous seg-
ments had fully resolved by 6 months: 5% (8) of segments
had completely resolved by 1 week, a further 30% (51) of
segments by 1 month, and an additional 16% (28) had
fully resolved by 6 months. By 1 year, 60% (103 of 171)
of the venous segments had completely resolved.
The time to complete recanalization appears to be an
important factor in the determination of the development
of valvular reflux, and it is thought that rapid resolution of
the thrombus may preserve valvular function.2,18 The
venous segments that resolved within the first 6 months
had a higher competence rate than those that resolved
from 6 months to 1 year. However, the ideal time for res-
olution is unknown.2 Closer follow-up visits would be
needed to determine optimal timing for resolution.
The preservation of valvular competency may also be
influenced by hemodynamic factors. When the SFV
remained occluded, it would cause an increased resistance
to backflow, therefore maintaining competency in the
CFV. Likewise, in the PV the opposite effect would occur,
because there is a greater number of calf veins, which
allows for more conduits for retrograde flow.
Complete recanalization may not occur, and 27% (46
of 171) of the venous segments were found to be only par-
tially resolved at 1 year. The presence of residual thrombus
can be demonstrated with duplex scanning, but assessment
of its physiologic effect is more difficult. In this study all of
the venous segments that were partially recanalized at 1
year were incompetent with significant reflux.
Some venous segments, 13% (22 of 171), remained
occluded at 1 year. It is possible that this represents a fail-
ure of the endogenous fibrinolytic system in some
patients.7 The anatomic site of occlusion may also be a fac-
tor. The SFVs had the highest incidence of total occlusion
at 1 year (39%), whereas partial to full recanalization was
more common in the EIVs, CFVs, and PVs.
The influence of flow from the long and short saphe-
nous veins may affect the recanalization of the PVs and
CFVs. Similarly, the alternative pathways for flow around
the SFV may determine the higher rate of residual occlu-
sions. Cadaver studies have shown that an extensive system
of veins provides communication between the distal SFV
and PV and the profunda femoral vein.21 Many of the
deeper collateral pathways were not successfully imaged
on ultrasound scan; however, collaterals were imaged that
were found consistently parallel to the superficial femoral
artery. These were not duplicate SFVs because they were
not present on initial examination. The collateral vessels
that were observed with duplex scanning established
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Fig 2. The relative percentage of competent and incompetent segments versus the duration of time for the segments to resolve com-
pletely, showing a higher rate of competency within the first 6 months.
rapidly after the acute event, which suggests they are pre-
existing pathways in the surrounding tissue. Mavor and
Galloway21 observed that the extent to which each collat-
eral enlarged varied in individual patients, and all had
competent valves venographically. In this study no retro-
grade flow was observed in the collateral veins, suggesting
the presence of valves. However, the veins were small, and
valves would be difficult to image. Further study is cur-
rently being carried out on these collateral pathways.
Complete occlusion may alternately partially recanalize
and reocclude before complete recanalization.22 In this
study venous segments that were occluded at 6 months
remained occluded. However, some veins that were par-
tially recanalized up to 6 months did occlude after this
period. All these reocclusions occurred in the SFV. These
reocclusions are thought to be a result of the slow rate of
flow through partially recanalized veins and of the inade-
quacy of oral anticoagulation.23 How often these reocclu-
sions occur is not known, and closer follow-up
examinations would be needed to determine the rate of
these events. The implications of new asymptomatic events
occurring after an acute DVT require further investigation.
In conclusion, the lower extremity venous segments
differ in their tendencies to recanalize or remain occluded.
The most likely site of permanent occlusion was found to
be the SFV; however, very often this obstruction was
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bypassed with a collateral system. No reflux was observed
in these veins; however, the presence of valves could not
be confirmed with duplex scanning. Further investigation
is needed into the presence of collateral pathways and their
influence on long-term clinical outcomes. Thrombus res-
olution was common in the EIVs, CFVs, and PVs, with
the PV most likely to become incompetent. The timing to
resolution appears to be an important factor in maintain-
ing competency because there was a higher frequency of
competency in segments that resolved within the first 6
months than in those that resolved after 6 months. The
degree of occlusion (either partial or full) at the initial and
follow-up examinations may be influenced by the amount
of flow into the vein from the tributaries.
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